M alignant fibrous histiocytoma (MFH) is a rare high-grade soft-tissue sarcoma with a poor prognosis due to a high rate of local recurrence and metastasis. The majority of tumors arise at the knee, proximal femur, and proximal humerus.
Since the first description of spondylectomy for a giant cell tumor of the lumbar spine in 1966, total spondylectomy has become a viable treatment option for many primary spinal tumors. 23 , 27 Tomita and colleagues in 1994 subsequently described a method of total en bloc spondylectomy, which minimized the intratumoral cutting edge to the bilateral pedicles. 27 This method allowed for en bloc resection of the posterior elements and the vertebral body. Although the involvement of major vascular structures was initially believed to be a contraindication to total en bloc spondylectomy, a case report describing total en bloc resection of a thoracic chondrosarcoma with involvement of the aorta has since been described. 7 In this paper we present a total en bloc spondylectomy of an MFH of the posterior mediastinum invading the spine at T10-11 with resection and reconstruction of the involved aorta using a vascular graft. To our knowledge, this is the first published description of a spinal MFH resection with aortic reconstruction.
case report

History and Examination
A 48-year-old man presented to our institution with 18 months of progressive back pain. His medical history was significant for hypertension and prior cigarette use for 20 years. On examination, he had no weakness or sensory deficits, and he was able to walk without assistance. MRI of the thoracic spine at the time of presentation (Fig. 1 ) revealed a soft-tissue mass involving the T-10 and T-11 vertebral bodies. There was tumor extension anteriorly into the aorta as well as epidural extension without spinal cord compression. A percutaneous CT-guided core biopsy demonstrated a highly pleomorphic spindle-cell neoplasm. The tumor cells featured a highly pleomorphic spindle-cell neoplasm, enlarged hyperchromatic nuabbreviatioNS MEP = motor evoked potential; MFH = malignant fibrous histiocytoma; SSEP = somatosensory evoked potential. Submitted February 17, 2014 clei, eosinophilic cytoplasm, and indistinct cytoplasmic borders. Scattered mitoses were noted, but there was no evidence of glandular differentiation (Fig. 2 left) . Immunostains showed weak positive staining for smooth muscle actin and negative staining for epithelial and melanocytic markers. These findings were consistent with an MFH.
Given the extent of tumor involvement with the surrounding soft tissue, aorta, and epidural extension, we believed that initial treatment with chemotherapy could lead to a decrease in tumor size and facilitate tumor resection. The patient underwent 3 cycles of neoadjuvant chemotherapy consisting of cyclophosphamide, doxorubicin, and dacarbazine. 19 MRI performed after chemotherapy demonstrated a decrease in the size of the epidural and paravertebral component of the tumor. We then proceeded with a 2-stage strategy for removing the T10-11 vertebral bodies, residual paravertebral tumor, and involved aorta in an en bloc fashion.
Operative Procedure
Stage 1. After induction of general anesthesia, the patient was placed prone on a Jackson table. Continuous neuromonitoring was used throughout both stages of the procedure in the form of electromyography, somatosensory evoked potentials (SSEPs), and motor evoked potentials (MEPs). A standard midline exposure of the lamina and lumbar transverse processes from T-7 to L-2 was then performed. We mobilized the paraspinous muscles from the fascia and ribs from T-8 to T-12, thereby allowing us to place rubber catheters around the muscles and retract the muscles medially or laterally. Medial retraction of these muscles improved visualization of the lateral anatomy of the spine. On preoperative imaging the patient was noted to have a 13th thoracic vertebral body. Pedicle screws were placed bilaterally in a standard fashion at T7-9 and T12-L2. We performed a laminectomy of T-9 with removal of the bilateral inferior articulating facets, which exposed the superior articulating facets of T-10 along with the exiting T-9 nerve roots. Next, a laminectomy of T-12 with resection of the majority of the bilateral superior articulating facets was conducted. Care was made to disarticulate the T11-12 facet joint, which would be necessary to remove the posterior elements of T-10 and T-11 in an en bloc fashion. We then made osteotomies on the bilateral T-10 and T-11 ribs approximately 3 cm from the articulation between the rib and transverse processes. We undermined the rib from the parietal pleura and disarticulated the ribs from the vertebral bodies using an osteotome. After medializing the paraspinous muscles, the plane between the thoracic segmental vessels and the lateral aspect of the T-10 and T-11 vertebral bodies was dissected. We first dissected the T-10 and T-11 pedicles. Using a diamond bur, we carefully thinned the pedicle in a lateral to medial trajectory until the medial aspect of the pedicle was amenable to removal with Kerrison rongeurs. We were able to carefully remove the remaining soft tissue and ligamentous attachments to remove the T-10 and T-11 posterior elements en bloc. This allowed us to visualize the exiting nerve roots and thecal sac from T-9 to T-12. The bilateral T-10 and T-11 nerve roots were doubly ligated and sacrificed proximal to the dorsal root ganglion using 2-0 silk ties. The thecal sac was cleanly dissected from the epidural space using a Woodson elevator.
We continued our dissection of the lateral aspect of the vertebral bodies of T-10 and T-11 as well as the T9-10 and T11-12 disc spaces. We followed the plane anteriorly until we were able to palpate the anterior aspect of the tumor. We were able to circumferentially dissect the T11-12 disc space and much of the T-11 vertebral body. Because of the location of the tumor in close proximity to the T9-10 disc space, we were unable to circumferentially dissect the disc space. Using a No. 15 scalpel blade, the posterior and lateral aspects of the T11-12 disc were incised, and the disc was removed using a pituitary rongeur and down-angled curette. Care was made to favor the T-12 superior endplate when removing disc material, as we did not want to violate the T-11 vertebral body. We then contoured a titanium rod connecting the pedicle screws on the left side, as the next steps would lead to disarticulation of the T-11 and T-12 vertebral bodies. We then passed a 0.81-mm-diameter Tomita saw anterior to the remaining anterior longitudinal ligament at the T11-12 disc level and carefully cut the ligament, thereby completing the disarticulation of the T-11 vertebral body from T-12. Using a No. 15 scalpel blade, the posterior and lateral aspects of the T9-10 disc were incised. Because we were unable to fully dissect the anterior aspect of the disc space at this level, our goal was to remove as much disc material from the inferior endplate of T-9, as the remainder of the disc and anterior longitudinal ligament could be easily incised during the anterior portion of the procedure. DuraGen matrix (Integra, Inc.) was placed between the dura and epidural space and left intentionally for easy identification of the dura during Stage 2 of the operation. We then copiously irrigated the wound and achieved hemostasis. A cutting bur was used to decorticate the remaining lamina and facet joints. Cancellous bone chips and demineralized bone matrix were placed over the remaining posterior elements. We fashioned a rod connecting the right-sided pedicle screw, and both rods were locked in place. We connected the 2 rods using a cross-connecter placed over what was once the T10-11 disc space. Two 10-mm flat drains were placed into the wound and closed in a standard multilayered fashion. The patient was transferred to the neurosciences intensive care unit for overnight observation. The patient had full strength in his lower extremities.
Stage 2. Stage 2 of the procedure was a joint effort among the cardiothoracic and neurosurgical teams. With the patient under general anesthesia, a left-sided doublelumen endotracheal tube was positioned under bronchoscopic guidance. A transesophageal echocardial probe was placed to monitor cardiac activity throughout the case. A Swan-Ganz catheter was placed for monitoring of pulmonary arterial pressure and hemodynamics. A lumbar drain was placed with a goal CSF drainage of 5 ml per hour. Continuous neuromonitoring was again implemented and consisted of electromyography, SSEPs, and MEPs.
The patient was first positioned supine and both groins were prepared. A right femoral arterial line was placed using the Seldinger technique. An oblique incision was then performed over the left groin, and the common femoral artery and vein were exposed. The site was then temporarily closed with staples. The patient was then rotated into the right lateral decubitus position with the upper body positioned at 70° and the pelvis area at 30°. The left chest wall, abdomen, and groin were prepared and draped. A left posterolateral incision was placed at the seventh rib interspace and carried down to the level of the left upper quadrant of the abdomen. A Tuffier retractor was placed. The costal margin at this level was exposed, and the rectus muscle was divided. The left diaphragm was exposed, and a circumferential incision was performed in the diaphragm extending to the aortic hiatus.
The spleen and left colon were then mobilized toward the midline, and the supraceliac aorta was circumferentially exposed. A piece of umbilical tape was placed around the aorta at this level. Attention was then turned toward the descending thoracic aorta. The lung retracted rostrally and the inferior pulmonary ligament was taken down to the level of the left inferior pulmonary vein. The inferior pulmonary vein was circumferentially exposed. Below the inferior pulmonary vein, the descending thoracic aorta was further exposed. The posterior mediastinal mass invading the spine at T10-11 and invading the descending thoracic aorta at this level was visualized. A harmonic scalpel was then used to divide the parietal pleura and posterior mediastinum, thereby connecting the previous dissection planes created during Stage 1. The aorta proximal and distal to the area of tumor involvement was mobilized from the vertebral bodies, thereby affording access to the T-9 and T-12 vertebral bodies as well as the T9-10 and T11-12 disc spaces.
The T11-12 disc space was identified, and residual soft tissue and disc material were removed from the disc space and the T-12 vertebral body. We then identified the T9-10 disc space and carefully dissected residual soft tissue away from the disc space and the T-9 vertebral body. The anterior longitudinal ligament and remainder of the disc were excised using a No. 15 scalpel blade and pituitary rongeurs. At this point, the T-10 and T-11 vertebral bodies were disconnected from the remainder of the spinal column. The cardiothoracic surgery team then dissected the exophytic portion of the tumor from the mediastinum to the level of the right pleura.
At this point the patient was systemically heparinized. Via the left groin incision, the left common femoral artery was exposed. A 15-Fr peripheral artery catheter was then positioned into the left common femoral artery under transesophageal echocardiography guidance, and the catheter was secured in place with a Rummel tourniquet. Purse-string sutures were then placed in the left inferior pulmonary vein and a 20-Fr right-angle venous cannula was placed in the left inferior pulmonary vein toward the left atrium. This, too, was secured with a Rummel tourniquet. Left heart bypass was then established. A trial involving a cross-clamp on the aorta resulted in no changes to SSEPs.
Proximal and distal control of the aorta was obtained with vascular clamps, and the aorta was completely transected proximally and distally. The T10-11 vertebral body, posterior mediastinal mass, descending thoracic aorta, and periaortic tissue were then mobilized and removed en bloc. Multiple tissue samples from the remaining proximal and distal paraspinal tissue and periaortic tissue were sent for frozen section analysis, and these margin samples were negative for malignancy.
A Hemashield (Atrium Medical Corp.) interposition graft measuring 22 mm was then used to reconstruct the thoracic aorta. The graft was anastomosed using 4-0 Prolene sutures (Ethicon Endo-Surgery Inc.) in an end-toend nature. The graft was de-aired prior to completion of the anastomosis. After the anastomosis, the graft was filled in an antegrade fashion. Protamine was then given to reverse heparinization, and left heart bypass was discontinued without complication. The left inferior pulmonary vein cannulation site was repaired with 5-0 Prolene sutures.
Once the aortic graft was in place, attention was turned to placing the expandable cage. The vertebral endplates were prepared by removing any remaining cartilaginous material. A 4-mm DePuy Spine expandable cage filled with demineralized bone matrix and cancellous chips was placed in the defect and expanded until resistance from the vertebral bodies was reached. The cage was locked into place. A plate spanning the T-9 and T-12 vertebral bodies was then screwed into place (Figs. 3 and 4) . Strattice tissue matrix (LifeCell Corp.) was placed between the spinal hardware and the aortic graft. The diaphragm was then repaired with running and horizontal mattress sutures. Bilateral chest tubes were placed within the anterior and posterior left pleural space, and the left lung was inflated. The abdominal wall was then closed using running Prolene No. 1 suture. Ribs were brought together with interrupted Vicryl No. 2 suture (Ethicon Endo-Surgery Inc.). Using running Vicryl suture, the muscle and subcutaneous planes were closed above. The groin site was closed in layers with resorbable sutures. The skin was closed with staples. Examination of the pathology specimen demonstrated fibrotic tissue with hemosiderin deposition and rare residual tumor cells (Fig. 2 right) .
Postoperative Course
The patient was admitted to the intensive care unit for overnight observation. On postoperative Day 1, he was transferred to a hospital room after removal of the lumbar drain. A CT scan demonstrated excellent position of the cage and pedicle screws with appropriate spinal alignment. He was able to ambulate with a walker and was discharged to a rehabilitation facility on postoperative Day 7. After surgery he completed an additional 4 cycles of Chemo = chemotherapy; EB = en bloc resection; GTR = gross-total resection; N/A = not assessed; NR = not reported; PE = posterior elements; PVSTM = paravertebral soft-tissue mass; STR = subtotal resection; VB = vertebral body; XRT = radiation therapy.
neoadjuvant chemotherapy consisting of cyclophosphamide, doxorubicin, and dacarbazine. He then underwent radiation therapy consisting of 6000 cGy to the T8-12 vertebral bodies 6 months after surgery. On his most recent follow-up (18 months postoperatively), a CT scan demonstrated no evidence of tumor progression. He was able to walk without assistance and did not require opioids for pain control.
discussion
Primary MFH of the spine is an extremely rare entity that was first reported in 1975 by Newland et al. 17 Since its initial description, there have only been 34 cases reported in the literature (Table 1) . We report a case of MFH in the thoracic spine with aortic infiltration that was managed with en bloc spondylectomy and aortic resection with graft reconstruction.
MFH of the spine has an unfavorable prognosis. 26 Detection of MFH in the spine is usually made as the disease has progressed to its later stages, negatively impacting the overall patient outcome. Teng et al. recently published the largest case series of MFH in the spine. 26 They reported a median survival of 18 months, and 1-and 2-year survival rates of 92.3% and 38.5%, respectively. These findings compared favorably to previous cases in the literature, which had a median survival of 8.7 months and a 2-year survival rate of 6.7%. Despite these improvements, the authors reported a 5-year survival rate of only 7.7%, highlighting the malignant nature of the disease. The current treatment paradigm for managing MFH of the spine is neoadjuvant chemotherapy and en bloc resection followed by chemotherapy and/or radiotherapy. Our patient followed this protocol and underwent radiotherapy following surgery.
Primary malignant tumors of the spinal cord may be managed successfully through en bloc resection to prevent local growth and metastatic spread. 4 Teng et al. 26 showed that patients who underwent en bloc resection for MFH of the spine had a median survival of 25 months, while patients with an intralesional resection had a median survival of 14 months. The goal of en bloc resection is to ultimately achieve negative margins around the tumor. The location of the tumor relative to critical neural and vascular structures plays an important role in determining whether en bloc resection is feasible. One limitation believed to preclude total en bloc resection was large vascular involvement of the tumor. Gösling et al. in 2013 reported the first en bloc spondylectomy of a spinal chondrosarcoma with combined resection of an involved aorta. 7 We elected to pursue an en bloc resection with aortic resection and reconstruction in a 2-staged procedure.
Neoadjuvant chemotherapy is used to optimize patient outcome by inducing regression of the primary tumor before resection if the tumor is large or in close proximity to critical structures. It also may aid in reducing the chance of metastases, obtaining a clear margin during surgery, and helping to plan a postoperative chemotherapy regimen. In our case, the patient underwent 3 cycles of neoadjuvant chemotherapy prior to surgical intervention and 4 cycles of neoadjuvant chemotherapy after surgical intervention but prior to radiation therapy.
The opportunity for metastatic spread of disease can range from 25% to 75% for patients harboring an MFH, with a rate of 53% in patients with an MFH of the spine. 10, 26 The most common site of manifestation is the lung. Factors that may contribute to metastatic spread include tumor diameter (> 10 cm), in-transit metastases, high rates of microsatellites, and inadequate tumor clearance during initial treatment. In this case we demonstrated the feasibility of an en bloc approach to removing primary spine tumors with aortic involvement. We believe that involvement of the aorta is not an absolute contraindication to considering en bloc resection in carefully selected patient populations.
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